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A SELF-PWlb6 VAPOR SYSTEM F($4 HYBRID SPACE HEATIKi*

Donald A. Ue8per and Q)ms C. Hedstrm

US J 576, I os Ala-s Nationel Laboratory
Los Al -S, N- *XiCO 87545 USA

ABSTRACT

This paper reports investigations of a passive system tht t!”ansportsheat
fran a solar collector dounua~. Refrigerant is evaporated in a collector
and the vapor transports heat to one or more coMensers locttad at ●n arbi-
trary elevation below the collector. The vapor pressure Ii’?ts the condansad
liquld to an accwlator locatxd near the top of the colleccor. The results
of annual performance calculations are presented for ● space heating appli-
cation in uhlch one or wre condensers are located within passive thermal
storage units that release heat directly to one or more zomes of the
building. Simple sizing rules foroptin!al energyyield ●r% siven.
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DESCRIPTION OF THE SELF-PUMPTN6 SYSTEM

Background

Most hybrid SYSWS utlliv! active collection with p-)$ ●nd controllers.
Ue are investigating a passive systaa that transports neat ●cross ●rbitrary
distances at lW temperature dlfferance. that requires no ●xternal -S or
controls, znd that does not freeze, corrode. or lose heat at nfght. Sevwal
papers [1] discuss self-puapln se-s.

!
Workers at Ispra L2J have wperi-

mented with an arrangement sim lar ti the first system that w Ztudfed
[3.4], uhlch had a single accwlator. W SW that thfs system m ims

rprecise extwnal cooling of the ●ccumulator foropthel operation, a M
therefore conceived ● tm-acc-later syst# that providos Internal coollng.

Two-accumulator Systen

Figure 1 shwx onc versfon of the ixo-acc~lator $ys~, uhtch utllfza$

WON supported by US Oeparwnt of Energy. Offfce of Solar Heat
Technologies.



thra dtuk valves. All pltilng md both ammlators are Insulated, so
-t ●-t all Mat tramfar occurs only at the collector or ●t the condan-
a@r, UIWch Is located in themsl storage. The pressure and temperature of
Uw upparaccrnlator ●re kept close to those of the condenser by the unin-
terrupted vapor link between these components. When the float valve is open,

Fig. 1
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Two-accumlator vapor system.

vapor from the collector passes to the
condenser, and condsnsed liquid drains
back into the lower accumulator.
During this phase of the cycle, the
collector, condenser, and upper accum-
ulator are at nearly equal pressures,
and liquid continuously drains from
the upper acc~lator, keeping the
collector nearly filled. When the
lower ●ccumulator is full, the float
valve closes causing the pressure and
t~erature of the collector and lower
accumulator to rise, lifting liquid
into the upper accumulator. When the
lower accumulator is nearly empty,
the float valve opens. The lower
accumulator rapidly cools to the
temperature of the condenser due to
the renewed vaor connection. and
the cycle begins again. -

The two-acc~lator system has several advantages when compared with the
single-accumulator %ystem. a) During the condensing phase of the cycle, the
collector is continuously fed with liquid. b) During the condensing phase,
the collector tanperature is close to the storage temperature. In the
Single-ac:umlator system, the collector temperature is always elevated by
at least the anount required for liquid lift, and may be elevated much more
due to imperfect cooling of the accumulator. c) After the pumping phase,
nearly perfect cooling of the accumulator occurs as its excess thermal
energy is transferred to the condenser as useful heat.

TESTS OF THE TUO-ACCl#UJLAT(X/ SYSTEM

Me constructed an intior mckup of the two-accumulator system in which the
solar collector is simulated by an electrically-heatW copper evaporator of
approximately the

3
ame mass and volIJme as the absorber of a fin-tube

collector with 2 area. The worulng Fluid is R-n (trichloromono-
fluoromethene). The condenser is a 15 m coil of 16 man OD copper tubing
imnersed in an uninsulated tank containing 185 1 water. Liquid lift IS
approximately 5 m. For this experimental mockup. the time-average eleva-
tlon of collector temperature above storage temperature is given by

AT - ATo+~w (1;

in ~ich Q is the simulated delivered pmer per unit collector area and UH
is similar to a heat transfer coefficient for a heat exchanger. Althcwgh
the elevation of average coll~ctor temperature can presumably be reduced, we
have used this ~irical equation in our nunerical simulations of the ~;elf-
pumping space heating systam.



NUMERICA SIMULATIONSOF SPACE tlE.ATIMi SYSTEMS

Oescrlption of the N-rical MO&l
hr caputer progr~ repre*nts an active CO1 Iection system that delivers

solar heat W a water tank, which passively delivers huat in ●n uncmt. Jlled
manner to the room. For sisiulationof the vapor system, the flow rate end
heat transfer quantities were set b a~ropriate values, as deteml nad fMm
previous validation with test call data [51. Figure 2 ShWS dia$r-s of WW
caputer model of the self-p-i ng vapor systm and of the pmped liquid
drainback hybrid systea (circulating water) with which the vapor system is
compared. (Although the vapor system is strictly passive, w regard it as ●
!lybrid s@em because of its similarity with the p- hybrid SySW. )
Auxiliary heat is supplied if necessary to maintain the lower limit of ro!m
temperature at 18.3 C. The ugper limit of rooa taaperature is ~.9 C, above
unich energy is pres~ed to be vented. The calculated solar savings
fraction (SW ) is based on the energy required t~ maintain the building at
18.3 C. In our calculations, ALL SYSTEU PARAMETERS ARE N(MWLIZEO TO

COLLECT(M AREA--for
COMPUTER MODEL HYBRID SYSTEM ex~le. the load/collector

-a-up,

TII

—!s

1 ‘

LIOUID ORAINDACK SCLF-PUMPINO VAPOR u~ders~ndi ng that the same
results apply for the

8+

n-
ratio (LCR) is the buildlng

%9 load coefficient in watts
-,/
r % per degree Centigrade,

divided by the collector
u-Z area. Calculations for the

puaped liquid hy~rid system
and for the vapor system

LOAD show nearly identical
results. Hence, ●ll

“s results shown in this paper
up will be for the vapor

sYstem. with the

punped 1 i ~id system.
Fig. 2 Diagrmn of the canputer models.

Comparl son with Mater Mml 1s

If the hybrid system were ideal Ized so that there were no losses from the
back of the collector or frau the pipas (UB = Upl = Up2 = O), than it
should behave very much like a water wall witi selectlve surface and night
insulation. Figure 3 shws the annual SSF for this ideal i~ad case with ttte
collector tilted at 90- to match the tilt of a water wall. The curves label-
ed bWCl and UW3 represent cmputer-generated correlations for %Ingle-glazed,
selective-surfaced water walls without and with night insulation, respec-
tively 16]. Calculated points are also shown for the base caso system with
the parameters as given in Table 1. The water walls and the vapor system of
Fig. 3 all have the same thermal storage (9S5 kJ/C per squara inter of
collector), and the same stora e-to-r- heat transfer coefficient (US “

?8.5 w/C per square rester of co lector). Al buqwqm ●nd Buffalo ~?W8nt
extremes of sunny and cloudy climates. Figure 3 snows that the calculated
performance of the idealized system does indeed ●pproxfmte that of the
night-insulatedwater wall, and that the themaal losses of the more real is-
Llc base case cause a significant penalty. We suspect that in sae instm-
ces the hybrid system provides less ●nargy t~n p’edlcted by the ~ cor-
relations because of differences in We wqy the tw Cflrputer pMgF~S tr’mt

ground-reflected and diffuse radiation, ●nd because the correlations am not

necesm-lly an exact representation of tha original water wall ctlculatlons.



Wa ceaclude that the vapor (or the pumped liquid) hybrid system behaves

r
x~tely as a night-insulated water wall, but with practical advantages

Q all~ing M elevated, tilted collector and heat delivery to locations
r~tt frm the collector.

LCR(W/~Cl

Table 1 Par~ters of Idealized ‘+=--~
rnd Bdse Case Systems
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Figures 4-6 i? Iustrate the dependence of
m *-:-. m“. -*N

annual SSF on Ils, storage capacity, and ●

LCR. Figure 4 shows that, or s~orage
J

mummwi-Gii
Lcp (8tu.~KF DAY 1

greater than 600 kJ/C per of CO1 lector
area, the energy savi n s has a broad maximum

2
Fig. 3 Compari son of vapor

near Us = 12 U/C per of col 1 ector system pi?rf ormance with
area. F i g~re 5 shows the the dependence correlations for waterfalls.
of SSF on storage, with each data point taken
near the value of !Js that maximizes SSF at the particular value of stor-
age. Figure 5 shows that the annual SSF of vapor or punped liq~ia hybrid
syste s is insensitive to the amount of storage bebveen 60!3 and 1200

7kJ/mc c. Figure 6 shows the dependence of SSF on LCR for a nearly opti-
mal s stem with Us = 11.3HI~2c, and storage of either 612 or 1225

1kJly C. From these figures Me propose som rules of thumb for design:
L(X is chosen for the desired solar fraction, Us should be in the range
10-15 ki/ 2C, and storage should be In the range 6OO-1OW kJl 2C.

7 7Swisher [ ] sugaests that storage should be at least 800 kJ/~ C.
u, (WJd. c) STORAGE(kJ”~ C}
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Fig. 4 SSF as ti function of Us ~torage
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In the sunny climate of Albuquerque, the dally
swings of storage temperature are large th~
in less stinny cllmates. Uith 612 kJ/

7
& of

storage capacity, the average daily ex remas of
storage temperature during winter are approxi-
mately 25 and 38 C In Albuquerque. Because the
daily maximum storage ~rature is well above
the desired rom taaperature, the effects of
mean radiant temperature may be significant as
Swisher suggests [7]. Additional energy savings
might therefore result from a reduction of
thermostat setpoint, or by use of a manually
operated curtain that is drawn across the
exposed surface of storage when excess heating
occurs.

Fig. 6 SSF vs LCR.—

NOMENCLATIJRE

AT Llevation of collector temperature above storage temperature.
nTo Simulated heat exchanger temperature offset.
UB Back loss from plate heat transfer coefficient (per collector area).
UH Heat exchanger heat transfer coefficient (per colleCtOr area).
Upl Outdoor pipe loss heat transfer coefficient (per collector area).
Upz Indoor pipe loss heat transfer coefficient (per collector area).
us Storage-to-room heat transfer coefficient (per collector area).
H Plate-to-fluid heat transfer coefficient (per collector area).
M Simulated thermal capacity of fluid flow rate (per coilector area).
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